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Chapter  1 0
Chemokines are smal l  chemotact ic  cytok ines that  are produced const i tu t ive ly
or  secreted upon pro- inf lammatory st imul i .  They b ind to chemokine receptors
that  can couple to a var iety  of  s ignal ing pathways in a cel l  type speci f ic  man-
ner .  Together  chemokine receptors and thei r  l igands const i tu te a vast  network
that  orchestrates many immune funct ions,  such as immune cel l  recru i tment ,
mast  ce l l  degranulat ion and T cel l  d i f ferent ia t ion.  Proper immune funct ion re-
qui res the st r ic t  contro l  o f  chemokine and chemokine receptor  funct ion.  Ab-
e r ran t  chemok ine  regu la t i on  o f t en  l eads  to  a  pa thophys io log i ca l  cond i t i on .
D i s tu rbed  chemok ine  func t i on  i s  a l so  f ound  du r i ng  v i ra l  i n fec t i ons .  I n  pa r t i cu -
lar ,  herpesvi ruses and poxvi ruses are h ighly  dependent  on our  immune system
for  thei r  pers is tence,  repl icat ion and d isseminat ion.  These v i ruses have 's to len '
the genet ic  components of  our  chemokine system and use these for  thei r  own
benef i t .  In  chapter  2 of  th is  thesis ,  we d iscuss the var ious ways in  which v i rus-
es at tempt to modulate the chemokine network.  Unravel ing the funct ion of
v i ra lchemokine modulators is  a double-edged sword that  may provide novel
tools  for  ant i - in f lammatory therapy or  ident i fy  important  v i ru lence factors to
which ant iv i ra l  therapy can be targeted.
In th is  thesis ,  we have examined two chemokine receptor  mimet ics in  more
deta i l .  We found that  these v i ra l  prote ins are mul t i faceted molecules whose
act ions reach beyond the chemokine network.  prov id ing in terest ing new pos-
s ib i l i t i es  f o r  an t i - i n f l ammato ry  and  an t i v i r a l t he rap ies .  l n f i r s t  pa r t ,  we  s tud ied
the ant i - in f lammatory ef fects of  M-T7,  a soluble poxvi ra l  chemokine-binding
prote in.  In  the second par t ,  we extensively  invest igated the ro le of  the chemo-
k ine receptor  homolog US28 in the human cytomegalov i rus l i fe  cyc le.
M-T7 is  a rabbi t  IFN-1 receptor  homolog that  is  encoded by the myxomavirus.
In addi t ion to species-speci f  ic  b inding of  rabbi t  IFN-1,  i t  a lso b inds a wide var-
ie ty  of  chemokines in  a non-species peci f ic  manner [208,  295] .  This  character-
is t ic  was at t r ibuted to i ts  in teract ion wi th conserved hepar in-b inding mot i fs
[208] .  These mot i fs  are used for  in teract ion wi th g lycosaminoglycans (GAG$
which is  important  for  the b io logical  act iv i ty  of  chemokines.  GAGs coupled to
a prote in backbone,  the so-cal led proteoglycans,  are abundant ly  expressed
on cel l  sur faces.  lmmobi l izat ion of  chemokines by proteoglycans fac i l i ta tes
the format ion of  so l id  gradients that  is  requi red for  leukocyte recru i tment .
Disrupt ion of  the chemokine-GAG interact ion provides in terest ing new op-
por tuni t ies for  ant i - in f  lammatory therapy [143] .  Previous studies have shown
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M-T7 inhib i ts  to  the at t ract ion of  immune cel ls  to  an imolanted b iomater ia l .
Heterotopic expression of  the M-T7 gene indeed b locked the cel lu lar  in f lux
into fore ign body implants.  An interest ing observat ion we d id was that  th is
was associated wi th reduced format ion of  b lood vessels.  On the molecular
level ,  we invest igated MCP-1 and VEGF164,  as these molecules bound to GAGs
and were known to mediate macrophage chemotaxis  and b lood vessel  forma-
t ion.  We found that  despi te invar iable mRNA expression sta in ing for  both
mediators was reduced.  Our resul ts  conf i rm the appl icabi l i ty  of  M-T7 for  the
inhib i t ion of  in f lammat ion,  but  shows that  the ant i - in f lammatory act iv i ty  of
M-T7 reaches beyond the modulat ion of  the chemokine network.
Because M-T7 is  a secreted prote in,  i t  wi l l  b lock immune funct ion systemical ly .
For  local  appl icat ion,  we requi re broad-spectrum decoy receptors that  b ind
and internal ize chemokines.  In  the next  par t ,  we have invest igated the ant i -
in f lammatory propert ies of  a herpesvi ra l  chemokine decoy receptor  US28.
US28 is  a seven- loop t ransmembrane G prote in-coupled receptor  that  is  s t ruc-
tura l ly  re lated to the human B-chemokine receptor  CCR1. In the last  decade
several  hypotheses were ra ised concerning the s igni f icance of  US28 for  HCMV
infect ion,  which are d iscussed in chapter  4.
High af f in i ty  in teract ion wi th a var iety  of  p-chemokines and a h igh recycl ing
rate suggested that  U528-expressing cel ls  act  as a "chemokine s ink"  that  d is-
rupts chemotact ic  gradients.  A hypothesis  f requent ly  postu lated is  that  dur ing
HCMV infect ion,  the scavenging of  chemokines by US28 protects HCMV infect-
ed cel ls  f rom immune c learance by leukocytes.  Dur ing act ive in fect ion,  HCMV
can be detected in  endothel ia l  ce l ls .  ln fect ion resul ts  in  the act ivat ion or  even
detachment  of  endothel ia l  ce l ls  f rom the vascular  wal l .  Af ter  in fect ion,  endo-
thel ia l  ce l ls  in  the vessel  wal l  produce a s igni f icant  amount  of  the chemokine
RANTES/CCL5 that  possib ly  t r iggers the arrest  of  passing leukocytes that  p lay
a ro le in  v i rus c learance.  By expressing chemokine decoy receptors v i ruses at -
tempt to counteract  th is  rapid increase of  chemokines.  In  chapter  5,  we have
examined the impact  of  chemokine in ternal izat ion by endothel ium-expressed
US28 on the leukocyte adherence.  To ru le out  any confounding factors caused
by concomitant  act ivat ion of  s ignal ing pathways,  we used a s ignal ing mute
receptor  US28R129A. Despi te the presence of  U528 on a substant ia l  number of
cel ls ,  we were not  able to f ind a reduct ion of  adherent  ce l ls  when US28R129A
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was expressed.  As we bel ieve that  leukocyte arrest  and extravasat ion are car-
d inal  events in  the ant iv i ra l  response,  we doubt  that  chemokine scavenging
by US28 s igni f icant ly  impairs  leukocyte recru i tment .  Therefore US28 has less
value for  ant i - i  n f  lammatory therapy.
Unfor tunate ly ,  U528 was a poor choice for  appl icat ion as an ant i - in f  lammatory
agen t .  O the r  resea rche rs  f ound  tha t  l i gand  b ind ing  to  U528  i nduced  m ig ra -
t ion of  vascular  smooth muscle cel ls .  In  addi t ion,  U528 s ignals in  a const i tu t ive
manner and act ivates PLC and NF-rcB.  These observat ions ra ised our  suspic ion
tha t  US28  s igna l i ng  i s  imp l i ca ted  i n  t he  pa thogenes i s  o f  HCMV d i sease .  I n
chapter  6,  we focused on the s igni f icance of  NF-rB act ivat ion on t ransact iva-
t ion of  the HCMV major- immediate-ear ly  promoter .  This  promoter  is  impor-
tant  for  the t ranscr ipt ion of  immediate ear ly  genes that  dr ive the cascade of
gene expression that  is  necessary for  fu l l  repl icat ion of  the v i rus.  The current
paradigm is  that  ext racel lu lar  factors such as an in f lammatory st imulus act i -
vate the MIE promoter  [133] .  Using a f i re f ly  luc i ferase repor ter  assay we meas-
ured MIE promoter  act iv i ty  in  the presence and absence of  US28.  We found
that  const i tu t ive s ignal ing by US28 enhances MIEP act iv i ty  by mul t ip le path-
ways that  involve NF-rcB and p38 MAPK. When we invest igated the ef fects of
US28 s ignal ing on host  gene expression,  we encountered problems wi th long-
term stabi l i ty  of  prote in expression.  In  chapter  7 we at tempted to generate
stable cel l  l ines,  but  found that  US28 expression increased the number of  ear ly
apoptot ic  ce l ls  as determined by Annexin V sta in ing.  We have st rong indica-
t ions that  th is  phenomenon depends on G prote ins as v iabi l i ty  was preserved
in US28R129A expressing cel ls .  We did not  invest igate which pathways were
involved in the US28-mediated apoptosis .
Recapi tu lat ing the preceding chapters,  we consider  US28 rather  a target  for
an t i v i r a l  t he rapy  than  a  t oo l  t o  comba t  ch ron i c  i n f l ammat ion .  Enhancemen t
of  MIEP act iv i ty  suggests that  US28 s ignal ing is  involved in the ear ly  phases of
in fect ion.  Expression prof  i les of  in  v i t ro in fected f ibroblast  ident i f  ied US28 as
an ear ly  gene [333] .  However,  l i t t le  is  known about  the k inet ics of  US28 gene
exp ress ion  du r i ng  c l i n i ca l  HCMV in fec t i on  and  i t s  re la t i onsh ip  w i t h  d i sease  ac -
t iv i ty .  In  chapter  8 we measured t ranscr ipt  levels  of  US28 and lE1 in lung t rans-
p lant  rec ip ients that  have an act ive HCMV infect ion.  We found that  US28 can
be detected immediate ly  af ter  lE1 t ranscr ipts  appear.  Expression of  U528 d id
not  corre late wi th v i ra l  load,  a c l in ica l  parameter  for  the course of  in fect ion.
U528 t ranscr ipts  became undetectable when lE1 t ranscr ipt  levels  dropped.  We
found that  US28 gene expression is  corre lated to lE gene expression,  which
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supports  our  f ind ings in  chapter  6.  Our data support  the hypothesis  that  US28
is involved in v i ra l  repl icat ion in  the ear ly  s tages of  in fect ion bytransact ivat ion
of  v i ra l  promoters.
In chapter  9 the f ind ings in  th is  thesis  are d iscussed.  We have demonstrated
tha t  t he  v i r a l  chemok ine -b ind ing  p ro te in  M-T7  no t  on l y  ac t s  i n  t he  chemok ine
network but  probably a lso in ter feres in  other  in f lammatory networks,  such as
angiogenesis.  This  newly d iscovered act iv i ty  of  M-T7 i l lust rates the importance
of  GAG interact ion in  in f lammat ion and provides an in terest ing opportuni ty
to inhib i t  in f lammat ion in  mul t ip le ways.  In  contrast ,  to  M-T7 we d iscovered
that  the chemokine receptor  homolog US28 is  h ighly  unsui table for  th is  pur-
pose.  Our f ind ings suggest  that  U528 may not  be considered as a modulator
of  the chemokine system, but  rather  a modulator  of  host  gene t ranscr ipt ion
mach ine ry ,  wh i ch  may  be  bene f  i c i a l  f o r  v i r us  rep l i ca t i on .
179
